The use of stents for treatment of morphologically unfavorable, acutely ruptured aneurysms is avoided by most operators because of concerns about the risk of using dual antiplatelet therapy in the setting of acute SAH. Our aim was to review the literature regarding stent-assisted coil embolization of acutely ruptured intracranial aneurysms to determine the safety and efficacy of this treatment option.
S
tent-assisted coiling is a widely applied technique for treatment of wide-neck aneurysms. [1] [2] [3] [4] [5] However, to mitigate the risk of stent-associated thromboembolic complications, dual antiplatelet therapy is used routinely pre-, peri-, and postoperatively. [6] [7] [8] Because of the need for dual antiplatelet therapy and concerns regarding the use of antiplatelet therapy in patients with acute SAH, the use of stent-assisted coiling has largely been reserved for patients with unruptured aneurysms. [9] [10] [11] [12] [13] [14] Use of the stent-assisted technique for ruptured aneurysms is considered by many practitioners to expose patients to elevated risk of bleedingrelated complications if interventions such as EVD placement or ventriculoperitoneal shunt surgery are subsequently required. [9] [10] [11] [12] 15, 16 Notwithstanding the reluctance of many operators to use stent-assisted coiling in cases of ruptured aneurysms, a number of case series of stent use in ruptured aneurysms have now been published. 6, [9] [10] [11] [12] [13] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] Review of these published case series might inform the neurovascular community regarding periprocedural management options as well as rates of hemorrhagic complications associated with stent-assisted coiling in ruptured aneurysm cases. The purpose of the current study was to summarize existing literature data to inform the community regarding the safety and efficacy of stent-assisted coiling in acutely ruptured aneurysms.
Materials and Methods
The relevant neuroradiologic and neurosurgical literature was searched via the PubMed and Ovid data bases up to and including February 2010 by using the following search terms: "aneurysm," "aneurysms," or "endovascular" and text words including "intracranial" or "cerebral" or "carotid" or "basilar" and "stent" and "rupture" or "ruptured" or "hemorrhage" or "hemorrhagic." We excluded articles with titles including the words "aorta" or "aortic" or "coronary." Identified articles were then evaluated for reports of aneurysm treatment using uncovered stents, either stent-assisted coiling or stents alone. All articles that included treatment of at least 5 acutely ruptured aneurysms with uncovered stents were collected. Dissecting aneurysms were excluded, but articles reporting blood blister-like aneurysms were included. Articles including patients treated acutely with stents were excluded if these stents were used exclusively as a bailout technique, because the conditions of these patients are inherently more complicated with patients having a higher probability of worse outcomes. Articles that met inclusion criteria were then evaluated to collect data regarding 3 general categories: technical success, intracranial complications, and clinical outcomes. While multiple articles reported stent-assisted treatment of both elective, nonruptured and acutely ruptured aneurysms in the same report, only those that specified data for the acutely ruptured cases in at least 1 of the above 3 categories were included.
Technical success was measured in various ways by different authors. Data were collected regarding successful placement of stents, as reported by each author; use of stents with coils or stents alone; and aneurysms occlusion rates. Data regarding the need for subsequent surgical intervention including open aneurysm repair or the need for EVD placement were also collected.
Aneurysm occlusion rates were reported in various ways in 11 of 17 articles, representing 207 (61%) of 339 patients, 6, 9, 10, 12, 17, 19, [21] [22] [23] [24] including categories such as "complete occlusion," "neck remnant," "partial occlusion," and "no occlusion." Three of 17 articles 9, 17, 25 quantified occlusion as 100%, Ͼ95%, Ͼ90%, Ͻ90%, and so forth, which was converted to the 4-point graded system above.
Clinical outcomes were reported in various ways and were available in 13 of 17 articles representing 293 (86%) of 339 patients. 6, 9, 10, 12, 17, [19] [20] [21] [22] [24] [25] [26] [27] Seven articles used the mRS, and 6 articles used the GOS. "Good outcome" was considered mRS 0 -2 or GOS 1-2. "Poor outcome" was considered mRS 3-5 or GOS 3-4. Because clinical outcomes are highly dependent on preprocedural clinical conditions, these data were evaluated in the context of the degree of neurologic compromise at the time of presentation, which was usually reported by using the HH grading system in 13 of 17 articles representing 305 (90%) of 339 patients. All reported intracranial complications within the first 30 days after the procedure were included in this evaluation. By definition, complications had to result in clinical sequelae, either temporary or permanent, or had to result in additional therapy of some kind. When complications were listed but clinical sequelae were not specifically reported or if clinical outcome could have been affected by the complication, this complication was considered clinically significant to avoid underestimation of the clinical impact of complications.
Results
A total of 56 articles were identified (December 1997 to February 2010) that reported a combined total of 428 patients who were treated acutely with stents or stent-assisted coiling. Of these, 17 (30%) articles, all published between June 2004 and February 2010, met inclusion criteria for this analysis (Table 1) .
6,9-13,17-27 These 17 articles reported a combined total of 339 patients (range ϭ 5-61 patients per article, mean ϭ 21 patients, median ϭ 14 patients) who were treated acutely with stents or stent-assisted coiling. All 17 reports were retrospective case series. Thirty-nine (70%) of 56 articles were excluded because the report contained Ͻ5 cases (n ϭ 28), the patients were not treated in the acute phase (n ϭ 6), the report consisted of dissecting aneurysms (n ϭ 10), data on outcomes were not provided (n ϭ 1), all of the patients were bailout cases (n ϭ 1), or covered stents were used (n ϭ 1). Fourteen (82%) of 17 included reports also had data on patients with unruptured aneurysms; these latter patients were excluded from this current analysis. Technical approaches varied. Fourteen of 17 articles representing 267 (79%) of 339 patients reported a single intervention for placement of an uncovered stent and platinum MicroCoils (Micrus, San Jose, California) to treat wide-neck aneurysms. 6, 9, 10, 12, 13, [17] [18] [19] 21, [23] [24] [25] [26] [27] Three of 17 articles representing 72 (21%) of 339 patients had a subset of procedures that were staged, but only patients who had uncovered stents placed acutely were included in this analysis. 11, 20, 22 Eight (2%) of 339 patients had uncovered stent placement alone without coil placement. 6, 17, 19 A number of different stent manufacturers were included in the series. Three hundred four (90%) of 339 patients received Neuroform I, II, or III microstents (Boston Scientific, Natick, Massachusetts), 6,9,10,12,13,17-20,22,23,25-27 while 16 (5%) of 339 received the Enterprise self-expanding stent (Cordis, Miami Lakes, Florida).
11 Seven (2%) of 339 received the Solitaire AB stent (ev3, Irvine, California), 21 and 12 (4%) of 339 received either Neuroform or Wingspan stent (Boston Scientific), not specified. 24 All authors reported the use of anticoagulation, but methods varied among studies. None of the patients received antiplatelet therapy or heparin before the procedure. All patients received heparin during the procedure. In 326 (96%) of 339 cases, dual antiplatelet therapy, usually aspirin and clopidogrel, was administered after the procedure; clopidogril was continued for approximately 3 months postprocedure and aspirin, from 3 months to indefinitely. 6, [9] [10] [11] [12] [13] [17] [18] [19] [20] [21] [22] [23] [24] [25] 27 Minor variations in anticoagulation/antiplatelet therapy included the use of heparin without bolus infusion, reversal of heparin at the end of the procedure versus continuation for 24 -48 hours postprocedure, the use of only 1 antiplatelet agent, delaying antiplatelet therapy until the morning after the procedure, variations in the duration of the antiplatelet therapy in general, and the use of glycoproteins IIb/IIIa inhibitors in a few select patients.
Details regarding technical success were provided in 212 (63%) of 339 patients. 6, 9, 10, 12, [17] [18] [19] [21] [22] [23] [24] [25] [26] Among these 212 cases, technical success was noted in 197 (93%) patients. Angiographic occlusion data were provided in 206 (61%) of 339 patients. One hundred thirty patients (63%) of 206 had complete occlusion, 39 patients (19%) of 206 had a neck remnant, and 26 patients (13%) of 206 had residual patency in the aneurysm. Eleven patients (5%) of 206 had no occlusion. Six (2%) of 339 patients had endovascular treatment failure of some kind that required subsequent open surgical intervention (Table 2) .
Bleeding complications are shown in Table 3 . Intracranial hemorrhage related to EVD placement was reported in a total of 9 (3%) of 339 patients. The total number of EVDs placed in these patients was not clear because 10 (63%) of 17 articles, representing 228 (76%) of 339 patients, did not report the total number of EVDs placed. [9] [10] [11] [12] [13] 17, 19, [21] [22] [23] However, at least 90 ventricular drains in 9 case series were explicitly reported in patients who also received antiplatelet therapy. 6, 10, 11, 17, 18, [24] [25] [26] [27] Thus, by using explicit data from these series, the calculated clinically significant ventricular drainϪrelated bleeding complication rate was 9 (10%) of 90 reported ventricular drain placements. Because we do not know the actual number of EVDs placed, the true bleeding complication rate was somewhere between 9/338 (3%) and 9/90 (10%), assuming all EVD-related bleeding complications were reported. Five (56%) of 9 EVD-related hemorrhages were from a single case series. 25 Twelve (4%) of 339 patients had intraprocedural rupture of aneurysms. 6, 20, 22 More than half of these intraprocedural ruptures were reported in a single case series of 50 patients. 20 Four (1%) of 339 patients had confirmed or suspected rerupture of their aneurysm within 1 month after their procedure. 6, 20, 25 One rupture occurred 14 days postprocedure, 6 and 1 suspected rerupture occurred in a patient who rapidly decompensated and died. 25 One patient had intraparenchymal hemorrhage that was not EVD-related. 11 One patient had an extra-axial hemorrhage that was not EVD-related. 23 In total, Յ18 (5%) of 339 patients had recognized or suspected bleeding complications not related to ventricular drains. Overall, Յ27 (8%) of 339 patients had hemorrhagic complications during or after endovascular stent placement.
Data on thromboembolic complications specific to ruptured aneurysm cases were available in 14 (82%) of 17 reports, comprising 288 patients (Table 4) . 6 ,9,10,12,17-23,25-27 In-stent thrombosis occurred in 1 of 339 patients, which resulted in death. 6 Fifteen (5%) of 288 patients had clinically significant ischemic events. One of these infarcts resulted in death and occurred after aspirin was stopped 6 hours postprocedure due to femoral access site bleeding. In total, 16 (6%) of 288 patients had thromboembolic complications thought to be related to stent placement.
Overall, including both hemorrhagic and thromboembolic complications, a total of Յ43 (13%) of 339 patients had clinically evident intracranial complications thought to be related to therapy. No patients had both intracranial hemorrhagic and thromboembolic complications. Surgical crossover was required after endovascular treatment in 6 (2%) of 339 patients. Two of these 6 patients also had hemorrhagic complications listed above. Therefore, 292 (86%) of 339 patients were treated successfully without complications or need for surgical crossover.
Clinical outcomes were available for 293 (86%) of 339 patients (Table 5) . 6, 9, 10, 12, [17] [18] [19] [20] [21] [22] [24] [25] [26] [27] One hundred six (36%) of 293 patients had extended clinical follow-up averaging 9.5 months. The timing of clinical outcome data for the remaining 187 (64%) patients was at discharge or unclear, so it was assumed to be at the time of discharge. Of these patients, 211 (72%) had favorable initial presentations (HH grade IϪIII) and 82 (28%) had poor initial presentations (HH grade IVϪV). Of patients who had favorable initial presentation, 171 (81%) had favorable clinical outcomes, 13 (6%) had poor clinical outcomes, and 27 (13%) died. Of patients who had poor initial presentation, 24 (29%) had favorable clinical outcomes, 28 (34%) had poor clinical outcomes, and 30 (37%) died. Overall, 195 (67%) had favorable clinical outcomes, 41 (14%) had poor clinical outcomes, and 57 (19%) died.
Discussion
In this literature review, we identified a substantial cohort of patients with ruptured aneurysms in whom stent-assisted coiling or stand-alone stent placement was performed acutely, usually with dual antiplatelet therapy during and in the months following intervention. Overall, we found a higher rate of intracranial hemorrhagic complications compared with thromboembolic complications. The overall procedurerelated complication rate including both hemorrhagic and thromboembolic complications was Յ13%, which is higher than reported complication rates in stent-assisted coiling of unruptured aneurysms, which are in the 6%-7% range. 28, 29 Of particular concern is the risk for hemorrhage in patients who require EVD placement or conversion of EVD to a permanent shunt, given the need for ongoing antiplatelet therapy. In this review, however, hemorrhagic complications related to placement of EVDs were uncommon with the exception of the case series of a single center. However, reporting of EVD placement was inconsistent across studies, with no data on the presence or absence of EVD placement in 72% of patients. Additionally, the overall rate of hemorrhage in patients having ventricular drains in this series is similar (Յ10.0% compared with 7.1%) to a reported series of patients who had not received dual antiplatelet therapy. 30 It is unknown whether the temporal relationship between the placement of ventricular drains and endovascular therapy has significant effect on the risk of hemorrhage. Another concern in patients on dual antiplatelet therapy arises if there is a need to convert an EVD to a permanent shunt. In our practice, when the need of converting an EVD to a shunt arises in a patient with aneurysmal SAH on dual antiplatelet therapy, we have usually placed the ventricular catheter for the shunt by using the same tract and burr hole as those for the EVD. This practice has proved safe and effective. 1,2 Our systematic review demonstrates 81% good clinical outcome for good-grade aneurysms. This apparent difference in the current series compared with those prior reports is a cause for concern, especially when considering that randomized controlled trials report better outcomes compared with the relatively less rigorous self-reported data of this systematic review, which typically has an inherently positive outcomes bias. However, the subgroup analyzed in our review almost certainly constitutes a group of patients at higher risk because aneurysms treated with stents tend to have more complex morphology (eg, neck width, aneurysm shape, or location). Unfortunately, there are no data available for a comparison of similar patient populations.
Prolonged aspirin and dual antiplatelet therapy have been shown to increase the risk of both intra-and extracranial hemorrhage. Large meta-analyses of multiple trials of aspirin and dual platelet therapy in patients with cardiac disease have demonstrated that aspirin alone increases bleeding risk for both intra-and extracranial hemorrhage, with serious bleeding rates of 1.5%-2.5% for all aspirin doses 32 ; and dual antiplatelet therapy increases the risk of all types of bleeding 40%-50% further. 33 This potential additional complication related to stent use is not captured for most of the patients in this report due to short-term clinical follow-up. In addition, there was some variation in technique, including types of stents used, technique for stent placement, anticoagulation regimens, and possibly differences in patient selection for stentassisted coiling versus traditional coiling or primary surgical intervention.
This study, even though it represents a compilation of all available stent-assisted coiling case series, has several limitations. First, the data are not from a single population but are a compilation of separate patient series published by different authors who reported independently assessed data, which has a high likelihood of publication bias, [34] [35] [36] in different formats, and who focused their reports on different specific variables that are included in this article. Furthermore, this series includes only published cases. There may be a publication bias that excludes either patients who had uneventful outcomes or those who had failure or poor outcomes. Additionally, several of the reports did not differentiate bleeding complications within the elective nonruptured aneurysms from the acutely ruptured cases. Complications occurring Ͼ30 days postprocedure were not included in this report because most authors reported the results of the initial hospitalization. Therefore, complications from dual antiplatelet therapy after 30 days or after discharge from the hospital may be missing or underreported in these data.
Conclusions
Further investigation is certainly warranted before final conclusions can be made. Current published data suggest that adverse outcomes are more common in stent-assisted coil embolization in acutely ruptured aneurysms compared with similar grade acutely ruptured aneurysms treated by coil embolization alone. However, it remains unknown if this difference is due to technical differences or inherent differences in risk between 2 different patient populations.
